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(54) Enhanced channel allocation among multiple carriers in a spread spectrum communications 
system 



(57) A method for allocating traffic between multiple 
carriers in a wireless communications system measures 
loading on the communication system and selects an 
appropriate carrier from multiple carriers, based upon 
the loading measured. A first earner is selected if the 
load on the first carrier is lower than or equal to the low- 
est loading of any supplemental carrier among the mul- 
tiple carriers. If the load on the first carrier is not lower, 
then the subscriber may be assigned either to a supple- 
mental carrier or the first earner. The carrier assignment 
of the subscriber depends upon a predetermined 
threshold, which preferably considers actual or esti- 
mated differential interference between the first carrier 
and the supplemental carrier. 
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Description 

Field Of The Invention 

[0001] The present invention relates to spread 
spectrum communication systems; and more specifi- 
cally to code-division multiple-access communication 
systems having multiple carriers serving a common 
geographic area 

Background Of The Invention 

[0002] Spread spectrum communication systems, 
such as code division multiple access systems, may use 
multiple carriers to support traffic requirements of a 
common geographic area. As used herein, common 
geographic area refers to a cell site, a sector of a cell 
site, a cluster of cells, or a cluster of sectors, which is 
served by more than one radio frequency carrier. Each 
radio frequency carrier supports multiple traffic chan- 
nels. Because each subscriber within the common geo- 
graphic area may be supported by multiple carriers, the 
communications system must decide how to allocate 
each subscriber between at least two radio frequency 
carriers. 

[0003] One approach used to select a radio fre- 
quency carrier for a subscriber entails selection of a car- 
rier with the greatest physical equipment support for 
traffic channels. For example, a first carrier may have a 
first level of equipped traffic channels at a cell site serv- 
ing a subscriber. Meanwhile, a second carrier may have 
a second level of equipped traffic channels which is 
greater than the first level. Because the second level of 
equipped traffic channels exceeds the first level, the 
communications system transfers the subscriber to the 
second carrier. However, maximizing the use of the 
equipment per carrier may lead to unnecessary hand- 
offs. in the above example, if the first carrier was not 
fully loaded, no hand-off would be truly mandatory. 
[0004] Hand-offs between carriers during call-setup 
may contribute to call setup failures. For instance, call- 
setup failure may occur because of differential interfer- 
ence of the second carrier with respect to first carrier. 
The differential interference may contribute to poor 
reception of downlink or uplink radio frequency signals 
required to setup or maintain calls. The differential inter- 
ference may result because adjacent cell sites or sur- 
rounding cell sites dynamically add to the background 
noise and interference about a carrier frequency during 
movement of mobile subscribers. Even if subscribers 
are not mobile, as in a wireless local loop (WLL) config- 
uration, traffic variations over time and carrier assign- 
ments may influence the interference present at a cell of 
interest. Accordingly, the first carrier often has a differ- 
ent measurable interference than the second carrier at 
the cell of interest within a cellular communications sys- 
tem. 

[0005] Assume for illustrative purposes that the first 



carrier is a transferring carrier and the second carrier is 
a transferee carrier. If the second carrier has a higher 
interference level than the first carrier, the subscriber's 
transmit power level may be too weak to adequately 

5 compensate for the higher interference, impeding relia- 
ble transmission on the uplink over the second carrier. 
Thus, the base station for receiving the second carrier 
may be unable to receive the traffic channel transmis- 
sion from the subscriber because of differential interfer- 

w ence. The base station may time out waiting for a 
response or transmission from the subscriber. While 
power control algorithms for the subscribers can 
increase power levels to compensate for increased 
background noise and interference, indiscriminately 

15 increasing power during call setup may reduce the over- 
all capacity of the communications system by reducing 
the signal-to-noise ratio for other subscribers sharing 
the communications system. 

[0006] Most code-division multiple-access (CDMA) 

20 systems use a soft-hand off for intra-carrier hand-offs, 
but use a hard-hand off for inter-carrier hand-offs. Intra- 
carrier hand-offs include hand-offs between adjacent 
cells, adjacent sectors, other cells, or other sectors that 
maintain communications over a single carrier on the 

25 same frequency spectrum as the subscriber moves 
throughout the communication system. Inter-carrier 
hand-offs are hand-offs or transfers between carriers on 
different frequency spectrums. An inter-carrier hand-off 
may occur within one cell or one sector, even if the sub- 

30 scriber remains stationary. 

[0007] Soft hand-offs are considered more reliable 
than hard hand-offs, because soft-hand-offs use chan- 
nel resources on a group of cell sites to improve radio 
frequency coverage reliability. Hard hand-offs provide a 

35 somewhat abrupt transition, because the transferring 
carrier and the transferee carrier generally do not 
enhance each others radio frequency coverage during a 
hand-off. 

[0008] Thus, a need exists for reducing dropped 
40 calls and call-setup failures associated with inter-carrier 
hand-offs and hard hand-offs. 
[0009] Even if inter-carrier transfers do not contrib- 
ute to call setup failures, inter-carrier transfers place 
burdens on the resources of the communication sys- 
45 tern. Inter-carrier transfers use processing resources of 
the base station controller. Thus, a need exists for 
reducing the processing burden of inter-carrier handoffs 
on the base station controller. Further, a need exists for 
improving the reliability of communications systems 
so having multiple carriers and using inter-carrier handoffe. 

Summary Qf The Invention 

[0010] In accordance with a method of the present 
55 invention, a communications system selects a radio fre- 
quency carrier for a subscriber based upon a radio fre- 
quency loading factor associated with each carrier and 
a predetermined threshold for evaluating loading fac- 
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tors. The predetermined threshold may be set by an 
operator of the communications system or automatically 
by the communications system. 
[001 1 J While the predetermined threshold is prefer- 
ably based on actual measurements of interference on 
different carriers, the predetermined threshold does not 
need to be limited to considerations of interference or 
noise. Accordingly, the predetermined threshold adds 
flexibility in allocating carriers to subscribers by allowing 
an operator to define the predetermined threshold 
based upon any relevant communication system 
parameters. For example, the predetermined, threshold 
may be defined to represent differential interference 
measurements, the presence of border cells, the extent 
of physical equipment per carrier, or any combination of 
the foregoing communication system parameters. The 
predetermined threshold advantageously may be fur- 
ther optimized based on traffic conditions or other fac- 
tors specific or idiosyncratic to individual 
communications systems. 

[001 2] In a preferred example of the method of the 
invention, the predetermined threshold is established to 
prevent inter-carrier handoffs where the interference dif- 
ferential between carriers is likely to cause a call setup 
failure during an inter-carrier hand-off. Thus, transfers of 
subscribers are minimized to reduce dropped call rates 
and other call setup failures. Moreover, the method 
tends to reduce the use of processing resources of the 
base station subsystem, including a base station con- 
troller, by reducing unnecessary handoffs consistent 
with an appropriate selection of the predetermined 
threshold. 

Brief Description Of The Drawings 
[0013] 

FIG. 1 is a block diagram of a communications sys- 
tem in accordance with the invention. 

FIG. 2 is a flow chart of a first example of a method 
for allocating carrier assignments in a communica- 
tions system in accordance with the invention. 

FIG. 3 is a flow chart of a second example of a 
method for allocating carrier assignments in a com- 
munications system in accordance with the inven- 
tion. 

FIG. 4 is a cellular topology diagram of a communi- 
cations system in accordance with the second 
example. 

FIG. 5 illustrates an additional step which may sup- 
plement the example of FIG. 2 or FIG. 3. 

FIG. 6 is a flow chart of a third example of a method 
for allocating carrier assignments in the communi- 



cation system in accordance with the invention. 

FIG. 7A and FIG. 7B are a flow chart of a fourth 
example of a method for allocating carrier assign- 
5 ments in the communication system in accordance 
with the invention. 

Detailed Description Of Preferred Embodiments 

10 [0014] In accordance with the present invention, 
FIG. 1 illustrates a communication system for practicing 
the method of allocating carriers to subscribers on a 
multi-carrier communications system. The communica- 
tion system comprises subscriber stations 10 and a 
is fixed end 17. The fixed end 17 preferably includes a 
base station 12, a base station controller 16 coupled to 
the base station 12, a mobile switching center 20 cou- 
pled to the base station controller 16, and a user inter- 
face 22 connected to the mobile switching center 20. A 
20 base station subsystem 24 includes the base station 1 2 
and the base station controller 16. The base station 
subsystem 24 handles processing of a method of the 
invention in the base station 12, the base station con- 
troller 16, or both. 
25 [0015] The subscriber stations 10 generally com- 
prise transceivers for radio frequency communication 
with the base station 1 2. In a preferred embodiment, the 
subscriber stations 10 comprise mobile units or any 
commercially available mobile phones compatible with 
30 the fixed end 17. 

[0016] The base station 12 generally comprises a 
transceiver for communication with one or more sub- 
scribers via radio frequency traffic channels. Each base 
station 12 preferably supports multiple carriers, 
35 although in an alternate embodiment multiple base sta- 
tions 12 at each site are used to support multiple carri- 
ers. Each carrier supports multiple traffic channels. At 
least one carrier per site or sector has a control chan- 
nel, a paging channel, an access channel, or another 
40 overhead channel to control call setup of the subscrib- 
ers and activity of the subscribers on the communica- 
tion system. 

[001 7] A call-originating carrier is any carrier which 
supports a subscriber's request for access to a commu- 
45 nications system. The subscriber initiates a call by com- 
municating over the call-originating carrier to setup the 
call. After a subscriber's call originates on the call-origi- 
nating carrier, the communications system decides 
whether or not to transfer the call to a transfer ee-candi- 
so date carrier. A transferee-candidate carrier supple- 
ments the traffic channel capacity of the call-originating 
carrier. A preferential transferee-candidate carrier refers 
to a supplemental carrier with the lowest traffic loading 
among multiple carriers serving a common geographic 
55 coverage region. 

[0018] The base station 12 includes a multi-carrier 
load measurer 14 for all carriers within the base station 
12. The load measurer 14 measures the current down- 
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link power of simultaneous base station transmissions 
based upon the aggregate of at least all active traffic 
channels per each carrier. The load measurer 14 opti- 
mally measures loading on a generally continuous 
basis. The load measurer 14 preferably measures 
power from overhead channels and traffic channels for 
purposes of the loading per carrier. 
[0019] Although in a preferred embodiment the 
multi-carrier load measurer 14 solely measures down- 
link power, in an alternate embodiment the multi-carrier 
load measurer measures both downlink power and 
uplink power. The load measurer may measure the cur- 
rent uplink power associated with subscriber transmis- 
sions based upon the aggregate of at least all active 
traffic channels per each carrier. 
[0020] The downlink loading or downlink power 
ratio approximately equals the downlink power used per 
carrier divided by the downlink power available per car- 
rier. Similarly, the uplink loading or uplink power ratio 
approximately equals the uplink power used per carrier 
divided by the uplink power available per carrier. As 
used herein, loading shall refer to the uplink power ratio, 
the downlink power ratio, or a mathematical average of 
both for a single carrier. A first carrier may be character- 
ized by a first uplink power ratio, a first downlink power 
ratio, or a first average power of uplink and downlink 
power ratios. A second carrier may be characterized by 
a second uplink power ratio, a second downlink power 
ratio, or a second average power of uplink and downlink 
power ratios. 

[0021] The base station subsystem 24 preferably 
estimates or measures downlink power of the base sta- 
tion 1 2 on a traffic channel at a cell site without requiring 
a load measurer at the subscriber station 10. However, 
in an alternate embodiment subscriber stations may 
include corresponding load measurers for measuring 
downlink power on a traffic channel which may be peri- 
odically transmitted to the base station subsystem 24. 
[0022] In practice, multiple base stations may be 
co-located at a single site or multiple sites to meet the 
capacity requirements of subscriber stations based on 
the predicted or anticipated subscriber use of the com- 
munication system. 

[0023] The base station controller 16 controls chan- 
nel assignment activity and access to the communica- 
tion system. The base station controller 16 may form an 
integral part of the base station 12, rather than a sepa- 
rate device. The base station controller 1 6 interfaces the 
base station 12 to the mobile switching center 20. 
[0024] The base station controller 16 includes a 
mufti-carrier selector 18 for selecting a corresponding 
carrier for each valid subscriber requesting access to 
the communications system. The multi-carrier selector 
18 comprises software instructions and the requisite 
computer hardware. 

[0025] The computer hardware may include any 
general purpose computer. For example, the computer 
hardware preferably includes a processor for allocating 



carriers to subscribers, a memory for containing the 
software instructions to accomplish the allocation of the 
carriers, and a databus for connecting the processor 
and the memory. In a preferred embodiment, a data- 

5 base is stored on a storage medium coupled to the dat- 
abus. The database stores values of the predetermined 
threshold. Also, in a preferred embodiment, each base 
station 12 has a first predetermined threshold and a 
second predetermined threshold regardless of which 

10 carrier is the call-originating carrier. However, in an 
alternate embodiment, each carrier is assigned a differ- 
ent predetermined threshold which is active when the 
carrier acts as the call-originating carrier. 
[0026] The mobile switching center 20 comprises a 

15 mobile switching center 20 or any telecommunications 
switch for routing, interconnecting, and circuit switching 
of telecommunication channels. Alternately, the mobile 
switching center 20 may provide packet switching of the 
telecommunication channels. The mobile switching 

20 center 20 preferably services channel traffic between a 
telecommunications network (i.e. Public Switched Tele- 
phone Network)and the communication system. The 
mobile switching center 20 includes any telecommuni- 
cations switch applicable to wireless local loop (WLL) 

25 and other applications with stationary subscribers. 
[0027] The MSC 20 is coupled to a user interface 
22. The user interface 22 allows an operator or techni- 
cian to enter a predetermined threshold, a first predeter- 
mined threshold, a second predetermined threshold, or 

30 the like. The MSC 20 preferably sends the predeter- 
mined threshold information to the base station control- 
ler 16 to update the database. 
[0028] The communications system preferably 
comprises a digital wireless system, a digital cellular 

35 system, a spread-spectrum wireless system, a spread- 
spectrum wireless local loop system (WLL), a code-divi- 
sion-multiple-access (CDMA) system, or the like. 
[0029] In accordance with an illustrative example of 
the invention, a method for allocating traffic between 

40 multiple carriers in a wireless communications system 
measures loading on the communication system and 
selects an appropriate carrier from multiple carriers, 
based upon the loading measured. The call-originating 
carrier is selected if the load on the call-originating car- 

45 rier is lower than or equal to the lowest loading. If the 
load on the call-originating carrier is not lower, then the 
subscriber may be assigned either to another carrier 
(e.g., supplemental carrier) or the call-originating car- 
rier. The carrier assignment of the subscriber depends 

so upon a predetermined threshold determined, which 
preferably considers actual or estimated differential 
interference between the call-originating carrier and the 
supplemental carrier. 

[0030] FIG. 2 illustrates a first example of a method 
55 for allocating traffic between multiple carriers in a wire- 
less communications system, in step S10 of FIG. 2, 
once a subscriber requests access to the communica- 
tion system via a first carrier (e.g., call-originating car- 
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rier), the base station subsystem 24 receives the 
subscriber's request for access to the communications 
system via the first carrier. 

[0031] The call-originating earner generally sup- 
ports a control channel, an access channel, and a pag- 
ing channel for controlling traffic and access of 
subscribers to the communication system. The call orig- 
inating carrier may also support an overhead channel. 
[0032] In step S12, the base station subsystem 24 
measures a first loading level on the call-originating car- 
rier operating within a first frequency spectrum and 
serving a first geographic region. In step S14, the base 
station subsystem 24 measures a second loading level 
of a transferee-candidate carrier within a second fre- 
quency spectrum different from the first frequency spec- 
trum. The transferee-candidate carrier serves a second 
geographic region, which may be coextensive with the 
first geographic region. The first geographic region and 
the second geographic region overlaps in at least one 
common geographic region in which the subscriber is 
located. Although step S12 and step S14 are shown as 
following step S1 0 in FIG. 2, step S1 2 and S1 4 may take 
place immediately before or immediately after step S10. 
Moreover, step S12 and S14 may be executed simulta- 
neously to provide comparable measurements of carrier 
loading. 

[0033] Step S16 preferably follows step S14. The 
base station subsystem 24 in step S1 6 determines if the 
first loading level is equal to or less than the second 
loading level. If the first loading level is equal to or less 
than the second loading level, the method continues 
with step S18. In step S18 the base station controller 16 
selects the call-originating earner to service the sub- 
scriber and prevents an inter-carrier handoff. Such pre- 
vention of the inter-carrier hand-off is consistent with 
minimizing call setup failures and reducing processing 
burdens on the base station subsystem 24. However, if 
the first loading level is greater than the second loading 
level, the method continues with step S20. 
[0034] In step S20, the base station subsystem 24 
determines if a difference between the first loading and 
the second loading is less than a predetermined thresh- 
old. The determination of the difference may use an 
absolute value function such that the subtraction does 
not yield a negative result. If a difference between the 
first loading and the second loading is less than the pre- 
determined threshold, the method continues with step 
S22. In step S22 the call-originating carrier is selected 
to service the subscriber. 

[0035] An appropriate setting of the predetermined 
threshold discounts a somewhat higher (although not 
excessively higher) first loading than the second loading 
and inhibits an inter-carrier handoff to minimize call 
setup failures during hard hand-offs. Moreover, 
processing time and management overhead of the base 
station subsystem 24 may be decreased by inhibiting 
inter-carrier hand-offs in accordance with the appropri- 
ate setting of the predetermined threshold. 



[0036] On the other hand the method continues, 
from step S20 to step S24, if a difference between the 
first loading and the second loading is not less than a 
predetermined threshold. In step S24 the base station 
5 controller 16 selects the transferee-candidate carrier to 
service the subscriber and permits an inter-carrier 
hand-off. 

[0037] The predetermined threshold is preferably 
determined based upon differential differential interfer- 

10 ence between the first frequency spectrum and the sec- 
ond frequency spectrum. As used herein, interference 
refers to the total of electromagnetic signals emanating 
from at least one geographic region (i.e. surrounding 
cells or sectors) on a frequency and with a propaga- 

15 tional signal strength that affects a perceptible quality 
(i.e. bit error rate, signal-to-noise ratio, voice intelligibil- 
ity) of a desired carrier signal emanating within another 
geographic region (i.e. desired cell or desired sector). In 
a spread-spectrum system or CDMA system, interfer- 

20 ence may appear as noise to communication system 
users because the interference may be from a co-chan- 
nel spread-spectrum carrier signal coded with a 
pseudo-random coding sequence or a unique orthogo- 
nal coding sequence for each subscriber. In practice, 

25 technicians or others may take interference measure- 
ments in the field with interference measuring equip- 
ment, such as a spectrum analyzer, a bit error rate 
tester, a receiver, a digital oscilloscope, or the like. Alter- 
nately, the base station subsystem 24 may include inter- 

30 ference measuring equipment to permit automatic 
calculation of the predetermined threshold from the 
measured interference. 

[0038] The electromagnetic interference within the 
second frequency spectrum in the common geographic 

35 region is measured relative to the first frequency spec- 
trum in the common geographic region to calculate dif- 
ferential interference within the common geographic 
region. The predetermined threshold is determined to 
be proportional to the differential interference measured 

40 such that the predetermined threshold ranges from a 
maximum at a highest measured differential interfer- 
ence to a minimum at a lowest measured differential 
interference. TTie predetermined threshold is set to pre- 
vent allocation of a carrier with significantly strong inter- 

45 ference from at least one adjacent or surrounding cell. 
The operator or communication system user preferably 
enters the predetermined threshold at a user interface 
22 connected to the switching center. 
[0039] Inter-carrier hand-offs are prohibited 

so between the call-originating carrier and the transferee- 
candidate carrier if the user sets the predetermined 
threshold at the maximum setting. However, inter-car- 
rier hand-offs are allowed if the user sets the predeter- 
mined threshold below the maximum setting or at the 

55 minimum setting. 

[0040] The first loading level represents radio fre- 
quency power usage of active subscribers on the call- 
originating carrier divided by total radio frequency 
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power available for the call-originating carrier. The sec- 
ond loading level represents radio frequency power 
usage of active subscribers on the transferee-candidate 
carrier divided by the total radio frequency power avail- 
able for the transferee-candidate carrier. 
[0041] As described in conjunction with FIG. 1 , the 
first loading level may represent a downlink power ratio, 
an uplink power ratio, or an average of the downlink and 
uplink power ratio for the call-originating carrier. The 
maximum power allowable conventionally determines 
the denominator of the ratio, while the current power 
usage determines the numerator of the ratio. Similarly, 
the second loading level may represent a downlink 
power ratio, an uplink power ratio, or an average of the 
downlink and uplink power ratio for the transferee-candi- 
date carrier. The first loading level must be comparable 
to the second loading level in comparisons or equations 
used in steps of the method. Accordingly, in equations 
using the first and second loading levels, their downlink 
power ratios are subtracted or compared, their uplink 
power ratios are subtracted or compared, or their aver- 
age power ratios are subtracted or compared, as in step 
S16 and step S20. 

[0042] The example of FIG. 3 is similar to FIG. 2, 
except FIG. 3 includes additional steps S26 and S28. 
Step 26 follows step S16 if the first loading level is 
greater than the second loading level. In step S26. the 
base station subsystem 24 determines whether or not 
the transferee-candidate carrier is classified as a border 
carrier. A border carrier is a radio frequency carrier that 
serves a subscriber station located at an outer periph- 
ery of a desired overage area or portion thereof. The 
outer periphery represents a radio frequency propaga- 
tion contour of generally constant predicted reliability for 
serving the subscriber station. To facilitate identification 
of border carriers, information on cells or carriers may 
be stored in the database at the base station controller 
16 or elsewhere in the communications system. The 
database is loaded with data indicating the status of car- 
riers as border carriers or normal carriers. Alternately, 
the database is loaded with data indicating the status of 
cell sites as umbrella cell sites, omnidirectional cell 
sites, or sectored cell sites. The database may be 
stored in the form of a lookup table or as an inverted list 
for ready retrieval or reference during step S26. 
[0043] If the transferee-candidate carrier was deter- 
mined to be a border carrier, then in step S28 the base 
station subsystem 24 adjusts the predetermined thresh- 
old prior to selecting the transferee-candidate carrier. In 
a preferred example, in step S28 the predetermined 
threshold precursor is divided by a positive integer 
greater than one to yield the predetermined threshold 
for the subsystem in succeeding step S20. 
[0044] As best illustrated in FIG. 4, a border carrier 
is associated with an umbrella cell 30 on the second fre- 
quency spectrum (i.e. f2). The umbrella cell 30 contains 
or surrounds smaller cells 32 on the first frequency 
spectrum (f1). The first coverage boundary 34 of the 



first frequency spectrum is defined by the outer edges of 
the smaller cells 32, while the second coverage bound- 
ary 36 of the second frequency spectrum is defined by 
a periphery of the umbrella cell 30. Although the 
5 umbrella cell 30 surrounds the smaller cells 32 as 
shown, in alternate embodiments, the coverage of the 
umbrella cell 30 may be offset from the smaller cells 32 
or sectored. 

[0045] The communications system is preferably 
w configured to exploit the radio frequency coverage 
advantages of an umbrella cell. Accordingly, cells other 
than the overhead cells are configured to include an 
overhead channel selected from the group consisting of 
a control channel, an access channel, and a paging 
15 channel. Meanwhile, the umbrella cell and the border 
carrier are configured to predominately provide traffic 
channels rather than the overhead channel. 
[0046] In general, the predetermined threshold may 
be determined based upon communication system 
20 parameters including differential interference, traffic 
channel equipment allotment per carrier, border carrier 
considerations, or any combination of the foregoing 
parameters. 

[0047] FIG. 5 further defines the predetermined 
25 threshold in conjunction with FIG. 2 or FIG. 3. FIG. 5 
continues with step S30 after step S1 6 of FIG. 2 or FIG. 
3 if the first loading level is greater than the second load- 
ing level. In step S30, the predetermined threshold is 
determined based upon differential electromagnetic 
30 interference between the first frequency spectrum and 
the second frequency spectrum. Following step S30, 
the method may continue-with step S20 in FIG. 2 or 
step S26 in FIG. 3. 

[0048] The success rate of an inter-carrier hand-off 

35 may depend upon the different interference levels (or 
different electromagnetic noise levels) associated with 
the carriers. For example, a call may fail when the down- 
link differs from one carrier signal to another carrier sig- 
nal so that the subscriber does not properly receive data 

40 on the paging channel or the control channel. Different 
interference environments may be present even for car- 
riers in the same sector or ceil. 
[0049] The carriers should be equipped with a suffi- 
cient number of traffic channels to support the resultant 

45 traffic estimates on the communications system. One 
channel element (CE) may support one or more traffic 
channels. The weight factor may be changed to com- 
pensate for different or unbalanced distribution of traffic 
channel equipment between or among the carriers. For 

so example, if a first carrier has twice as many traffic chan- 
nels as a second carrier, a weight factor may be 
selected to favor assignments of the subscriber to the 
first carrier. Accordingly, the predetermined threshold 
may be determined based upon differential interference 

55 and differential equipage between or among multiple 
carriers. 

[0050] The actual setting of the predetermined 
threshold is empirically determined based on factors 



6 



11 



EP1022 920 A2 



12 



such as cellular topology, differential interference 
among carriers, differential equipage among carriers, 
and desired carrier allocation, among others. The oper- 
ator preferably selects the predetermined threshold to 
optimize the allocation of carriers among subscribers to 
meet the particular conditions or requirements in the 
field. 

[0051] In a preferred example, the predetermined 
threshold is within a range from 0 to 100 percent The 
default value for the predetermined threshold is approx- 
imately 40 percent. However, the default value may be 
lowered to approximately 25 percent in certain cases 
depending upon the cell topology, if the predetermined 
threshold is set to 100 percent, no inter-carrier hand-off 
takes place. If the predetermined threshold is set to 0, 
inter-carrier hand-off takes place if the transferee-candi- 
date carrier has a suitable loading as determined by the 
comparison to the predetermined threshold. 
[0052] If the predetermined threshold concerns a 
border carrier, a second predetermined threshold is set 
to be less than a first predetermined threshold to favor 
selecting the supplemental carrier. Where the supple- 
mental carrier is a border carrier, the border carrier 
tends to have better radio frequency coverage and per- 
formance, because adjacent cells on the same fre- 
quency are not present or are not spaced as closely 
together as for the call-originating carrier. Thus, the 
umbrella cell has minimal or no co-channel interference 
from surrounding cells. As a result, a high probability 
exists that the electromagnetic interference level associ- 
ated with the umbrella cell is lower than for cells associ- 
ated with the call-originating carrier. 
[0053] FIG. 6 is similar to the example of FIG. 2, 
except FIG. 6 includes the additional steps S32, S34, 
and S36. The additional steps of FIG. 6 further describe 
an illustrative example of establishing the predeter- 
mined threshold. 

[0054] Step S32 follows step S1 6 if the first loading 
level is greater than the second loading level. In step 
S32, electromagnetic interference is measured within 
the second frequency spectrum relative to the first fre- 
quency spectrum to calculate differential interference 
within the geographic region, sector, or cellular region of 
interest. Next, in step S34, a predetermined threshold is 
established proportionally to the differential interference 
measured. The predetermined threshold preferably has 
a range from a maximum at a highest measured differ- 
ential interference to a minimum at a lowest measured 
differential interference. 

[0055] After step S34 in step S36, the base station 
subsystem 24 determines if the predetermined thresh- 
old is set at the maximum. If the predetermined thresh- 
old is set at the maximum, the base station controller 1 6 
selects the call-originating carrier to service the sub- 
scriber in step S22. if the predetermined threshold is set 
at the maximum setting, the call-originating carrier serv- 
ices all calls originating thereon. The predetermined 
threshold may be set in such a manner to represent that 



the electromagnetic interference on the transferee-can- 
didate carrier is significantly greater than the call-origi- 
nating carrier. Generally, subsequent corrective action, 
such as radio frequency optimization, may allow the 

5 predetermined threshold to be moved from the maxi- 
mum setting to improve prospective utilization of the 
transferee-candidate carrier. If the predetermined 
threshold is not set at the maximum, the method contin- 
ues in step S20. 

10 [0056] FIG. 7A and FIG. 7B illustrate that the 
method of the invention may be applied to communica- 
tion systems or base stations having greater than two 
carriers. In configurations having two carriers one car- 
rier may be referred to as the call-originating carrier. 

is Carriers other than the call-originating carrier may be 
designated as supplemental carriers. One of the sup- 
plemental carriers may be selected as a transferee-can- 
didate carrier. 

[0057] In FIG. 7A starting from step S10, once a 
20 subscriber requests access to the communication sys- 
tem via a first carrier (e.g., call-originating carrier), the 
base station subsystem 24 receives the subscriber's 
request for access to the communications system via 
the first carrier. 

25 [0058] In step S12, a base station subsystem 24 
measured a first loading level of a call-originating carrier 
within a first frequency spectrum in a geographic region. 
In step S38, a base station subsystem 24 measures 
supplemental-carrier loading levels of supplemental 

30 carriers within corresponding frequency spectrums dif- 
ferent from the first frequency spectrum in the geo- 
graphic region. Step S12 and step S38 may be 
executed simultaneously to provide comparable loading 
measurements of the carriers. In step S40, the base 

35 station subsystem 24 determines a lowest carrier load- 
ing level from the supplemental-carrier loading levels 
and identifies a transferee-candidate carrier associated 
with the lowest carrier loading level. 
[0059] After step S40 in step S42, the base station 

40 subsystem 24 determines whether the first loading level 
is less than or equal to the lowest carrier loading level. If 
the first loading level is equal to or less than all of the 
supplemental-carrier loading levels or the lowest carrier 
loading level of a corresponding available supplemental 

45 carrier, the method proceeds to step S18. In step S18, 
the base station controller 16 selects the call-originating 
carrier to service the subscriber; hence, prevents an 
inter-carrier handoff between the call-originating carrier 
and any one of the supplemental carriers. If the first 

so loading level is greater than the lowest carrier loading 
level, the method continues at step S44. 
[0060] In step S44, the base station controller 16 
identifies whether or not the transferee-candidate car- 
rier is a border carrier. A border carrier is preferably 

55 associated with an umbrella cell containing other cells 
operating on different frequency ranges than the 
umbrella cell as previously described in conjunction with 
FIG. 4. The base station controller 16 may access a 
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database containing data or a field identifying carriers 
as border carriers or as umbrella ceils. 
[0061] The method continues with step S46, if the 
transferee-candidate carrier is not a border carrier. In 
step S46, the communications system establishes a 
first weight factor. As used herein, establishing a weight 
factor (e.g., a first weight factor) includes retrieving or 
accessing a weight factor stored in any storage medium 
(e.g. ( memory) associated with the communications 
system. For example, the operator may enter a first 
weight factor via the user interface 22 for storage in a 
storage medium in the mobile switching center 20 or the 
base station controller 16. The first weight factor is a 
predetermined threshold generally applicable to non- 
border carrier conditions. On the other hand, if the 
transferee-candidate carrier is a border carrier, the 
method continues with step S46. In step S48, a second 
weight factor is established. The second weight factor is 
a predetermined threshold specif icaily applicable to bor- 
der carrier conditions. The first weight factor is prefera- 
bly greater than the second weight factor such that the 
first weight factor inhibits inter-carrier handoffs to a 
greater extent than the second weight factor (second 
predetermined threshold). The second weight factor is 
more preferably, approximately equal to half first weight 
factor. 

[0062] Two general possible outcomes are pre- 
sented for carrier allocation: (1) The carrier remains on 
the call-originating carrier without an inter-carrier hand- 
off; and (2) The carrier is allocated to a transferee-can- 
didate carrier with an inter-carrier hand-off. The 
outcomes may be reached by alternate routes in the 
illustrative example of FIG. 7A and FIG. 7B. Each alter- 
nate route has a different predetermined threshold. 
[0063] In accordance with a first route after step 
S46 in step S50, the base station controller 16 deter- 
mines if a difference between the first loading and a low- 
est one of the supplemental-carrier loading levels is less 
than the first weight factor (i.e. first predetermined 
threshold). In step S52, the base station controller 16 
selects the transferee-candidate carrier from the sup- 
plemental carriers to service the subscriber and permits 
an inter-carrier hand-off, if the difference does not 
affirmatively satisfy the above equation. However, if the 
difference satisfies the above equation, the method con- 
tinues from step S54. In step S54, the call-originating 
carrier is selected to service the subscriber and inhibit 
an inter-carrier hand-off. 

[0064] In accordance with a second route, the 
method starts from step S56 in FIG.7B, following step 
S48 in FIG. 7A. In step S56, the base station controller 
16 determines if a difference between the first loading 
and a lowest one of the supplemental carrier loading 
levels is less than the second weight factor. If the differ- 
ence of step S56 is less than the second weight factor, 
the method continues with step S58. In step S58, the 
base station controller 16 selects the call-originating 
carrier to service the subscriber and to inhibit an inter- 



carrier hand-off. If the difference of step S56 is not less 
than the second weight factor, the method continues 
with step S60. In step S60, the base station controller 
16 selects the transferee-candidate carrier from the 
5 supplemental carriers to service the subscriber and per- 
mit an inter-carrier hand-off. 

[0065] Steps S50, and S56 may involve the follow- 
ing substeps: First, the base station controller 16 calcu- 
lates a difference between the lowest loaded one of the 

io carriers and a call-originating one carrier. Second, the 
difference is compared to the first weight factor (step 
S50) or the second weight factor (step S56). The base 
station controller 16 permits an inter-carrier hand-off if 
the difference between the first loading and a lowest 

is one of the supplemental-carrier loading levels is less 
than the first weight factor in step S50 or the second 
weight factor in step S56. 

[0066] In an alternate example of the method, in 
determining the lowest loaded carrier, the carrier load- 

20 ings may be sorted or ranked in ascending or descend- 
ing order to facilitate allocation of a carrier. In another 
alternate example of the method, if there is not a true 
umbrella cell but an offset umbrella cell or a quasi- 
umbrella cell, or another cell which has potentially 

25 reduced interference because of spacing between adja- 
cent co-channel cells, an additional state may be added 
as a intermediate value between the first weight factor 
and the second weight factor. The additional state is 
referred to as semi-border carrier and would add an 

30 additional route to the example described in FIG. 7A 
and FIG. 7B. 

Claims 

35 1. A method for allocating traffic between multiple car- 
riers in a wireless communications system, the 
method comprising: 

receiving a subscriber's request for access to 
40 the communication system via a first carrier; 

measuring a first loading level on the first car- 
rier within a first frequency spectrum and serv- 
ing a geographic region; 

45 

measuring a second loading level of a second 
carrier within a second frequency spectrum dif- 
ferent from the first frequency spectrum and 
serving the geographic region; and 

50 

selecting one of the first carrier and the second 
carrier by comparing the first loading level and 
the second loading level before potentially eval- 
uating a difference between the first loading 
55 level and the second loading level with respect 

to a predetermined threshold. 

2. The method according to claim 1 wherein the 
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selecting step further comprises: 

selecting the first carrier to service a subscriber 
if the first loading level is equal to or less than 
the second loading level to prevent an inter-car- s 
rier handoff of the subscriber between the first 
carrier and the second carrier. 

3. The method according to claim 1 wherein the 
selecting step further comprises: w 



4. The method according to claim 1 wherein the 
selecting step further comprises: 20 

determining the predetermined threshold 
based upon differential electromagnetic inter- 
ference between the first frequency spectrum 
and the second frequency spectrum. 25 

5. The method according to claim 1 further comprising 
the steps of: 

measuring electromagnetic interference within 30 
the second frequency spectrum in the geo- 
graphic region relative to the first frequency 
spectrum in the geographic region to calculate 
differential interference; 

35 

determining the predetermined threshold to be 
proportional to the differential interference 
measured such that the predetermined thresh- 
old ranges from a maximum at a highest meas- 
ured differential interference to a minimum at a 40 
lowest measured differential interference; 

prohibiting inter-carrier hand-offs between the 
first carrier and the second carrier at the maxi- 
mum; and 45 

allowing inter-carrier hand-offs at the minimum. 

6. The method according to claim 1 wherein the 
measuring step comprises: so 

defining the first loading level as power usage 
of active subscribers on the first carrier divided 
by total power available for the first carrier and 
defining the second loading level as power 55 
usage of active subscribers on the second car- 
rier divided by the total power available for the 
second carrier. 



7. The method according to claim 1 further comprising 
the steps of: 

determining whether the second carrier is clas- 
sified as a border carrier forming at least a por- 
tion of an outer periphery of a radio frequency 
coverage for the subscriber; 

adjusting the predetermined threshold prior to 
the selecting of the second carrier if the second 
carrier was determined to be a border carrier. 

8. The method according to claim 7 wherein the 
adjusting step further comprises decreasing the 
predetermined threshold by at least one-half rf the 
second carrier was determined to be a border car- 
rier. 

9. The method according to claim 1 further comprising 
the steps of: 

determining whether the second carrier is clas- 
sified as a border carrier being associated with 
an umbrella cell on the second frequency spec- 
trum containing a plurality of cells on the first 
frequency spectrum; and 

dividing a predetermined threshold precursor 
by a positive integer greater than one to yield 
the predetermined threshold for the selection of 
the second carrier. 

1 0. A method for allocating traffic between multiple car- 
riers in a wireless communications system, the 
method comprising: 

receiving a subscriber's request for access to 
the communication system via a call-originat- 
ing carrier; 

measuring a first loading level of a call -originat- 
ing carrier within a first frequency spectrum 
and serving a geographic region; 

measuring supplemental -carrier loading levels 
of supplemental carriers within corresponding 
supplemental frequency spectrums different 
from the first frequency spectrum and serving 
the geographic region; 

selecting the call-originating carrier to service 
the subscriber if the first loading level is equal 
to or less than each of the supplemental-carrier 
loading levels to prevent an inter-carrier hand- 
off between the call-originating carrier and any 
one of the supplemental carriers; and 

selecting a transferee-candidate carrier from 



selecting the second carrier to service a sub- 
scriber and permitting an inter-carrier hand-off 
if the difference between the first loading and 
the second loading is less than the predeter- is 
mined threshold and if the first loading level is 
greater than the second loading level. 
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the supplemental carriers to service the sub- 
scriber and permitting an inter-carrier hand-off 
if a difference between the first loading and a 
lowest one of the supplemental-carrier loading 
levels is less than a predetermined threshold 5 
and if the first loading level greater than each of 
the supplemental-carrier loading levels. 

11. The method according to claim 10 further compris- 
ing the step of: 10 

determining the predetermined threshold 
based upon differential electromagnetic inter- 
ference between the first frequency spectrum 
and a second frequency spectrum associated 15 
with one of the supplemental carriers. 

12. The method according to claim 10 further compris- 
ing the steps of: 

20 

measuring electromagnetic interference within 
at least one of the supplemental frequency 
spectrums in the geographic region relative to 
electromagnetic interference within the first fre- 
quency spectrum in the geographic region to 25 
calculate differential interference within the 
geographic region; 

determining the predetermined threshold to be 
proportional to the differential interference 30 
measured such that the predetermined thresh- 
old ranges from a maximum at a highest meas- 
ured differential interference to a minimum at a 
lowest measured differential interference; 

55 

prohibiting inter-carrier hand-offs between the 
call-originating carrier and a supplemental car- 
rier if the predetermined threshold is set at the 
maximum; and 

40 

allowing inter-carrier hand-offs to a lowest 
loaded one of the carriers if the predetermined 
threshold is set at the minimum. 

13. The method according to claim 10 wherein the 45 
measuring steps further comprise: 

defining the first loading level as power usage 
of active subscribers on the call-originating car- 
rier divided by total power available for the call- so 
originating carrier; and 

defining each of the supplemental-carrier load- 
ing levels as power usage of active subscribers 
on the corresponding one of the supplemental ss 
carriers divided by the total power available for 
the corresponding supplemental carrier. 



14. A method for allocating traffic between multiple car- 
riers in a code division multiple access (CDMA) 
communications system, the method comprising: 

receiving a subscriber's request for access to 
the communication system via a call-originat- 
ing carrier; 

measuring a first loading level of the call-origi- 
nating carrier within a first frequency spectrum 
and serving a geographic region; 

measuring supplemental-carrier loading levels 
of supplemental carriers within corresponding 
frequency spectrums different from the first fre- 
quency spectrum and serving the geographic 
region; 

determining a lowest carrier loading level from 
the supplemental-carrier loading levels and 
identifying a transferee-candidate carrier asso- 
ciated with the lowest carrier loading level; 

identifying whether or not the transferee-candi- 
date carrier is a border carrier with a radio fre- 
quency coverage contour extending outward 
beyond at least one cell operating on different 
frequency range than the border carrier; and 

establishing a first weight factor if the trans- 
feree-candidate carrier is a border carrier and 
establishing a second weight factor if the trans- 
feree-candidate carrier is not a border carrier, 
the first weight factor being greater than the 
second weight factor such that the first weight 
factor inhibits inter-carrier handoffs to a greater 
extent than the second weight factor. 

15. The method according to claim 14 further compris- 
ing the step of: 

selecting the call-originating carrier to service 
the subscriber if the first loading level is equal 
to or less than the lowest carrier loading level to 
prevent an inter-carrier handoff between the 
call-originating carrier and the supplemental 
carriers. 

16. The method according to claim 14 further compris- 
ing the steps of: 

identifying whether the border carrier is associ- 
ated with an umbrella cell containing other cells 
operating on different frequency ranges than 
the border carrier; 

configuring the other cells to include an over- 
head channel selected from the group consist- 
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ing of a control channel, an access channel, 
and a paging channel; and 

configuring the border carrier to predominately 
provide traffic channels rather than the over- s 
head channel. 

17. The method according to claim 14 further compris- 
ing the step of: 

10 

selecting the transferee-candidate carrier from 
the supplemental carriers to service the sub- 
scriber and permitting an inter-carrier hand-off 
if a difference between the first loading and a 
lowest one of the supplemental-carrier loading is 
levels is not less than the first weight factor for 
the transferee-candidate carrier not being a 
border carrier. 

18. The method according to claim 14 further compris- 20 
ing the step of: 

selecting the transferee-candidate carrier from 
the supplemental carriers to service the sub- 
scriber and permitting an inter-carrier hand-off 25 
if a difference between the first loading and a 
lowest one of the supplemental-carrier loading 
levels is not less than a second weight factor for 
the transferee-candidate carrier being a border 
carrier. 30 

19. The method according to claim 14 further compris- 
ing the step of: 

selecting the call -originating carrier to service 35 
the subscriber and inhibiting an inter-carrier 
hand-off if a difference between the first load- 
ing and a lowest one of the supplemental-car- 
rier loading levels is less than the first weight 
factor for the transferee-candidate carrier not 40 
being a border carrier. 

20. The method according to claim 14 further compris- 
ing the step of: 

45 

selecting the call-originating carrier to service 
the subscriber and inhibiting an inter-carrier 
hand-off if a difference between the first load- 
ing and a lowest one of the supplemental-car- 
rier loading levels is less than the second so 
weight factor for the transferee-candidate car- 
rier being a border carrier. 

21. A wireless communications system for allocating 
traffic between multiple carriers, the communication 55 
system comprising: 

a base station for receiving a subscriber's 



20 

access request to the communication system 
via a call-originating carrier; 

a multi-carrier load measurer for measuring a 
first loading level on the call-originating carrier 
within a first frequency spectrum and for meas- 
uring a second loading level of a transferee- 
candidate carrier within a second frequency 
spectrum different from the first frequency 
spectrum, the call originating carrier and the 
transferee-candidate carrier serving at least 
one common geographic region; and 

a multi-carrier selector for selecting one of the 
call-originating carrier and the transferee-can- 
didate carrier by comparing the first loading 
level and the second loading level before 
potentially evaluating a difference between the 
first loading level and the second loading level 
with respect to a predetermined threshold. 

22. The communication system according to claim 21 
further comprising a user interface coupled to the 
multi-carrier selector for entering the predeter- 
mined threshold. 

23. The communications system according to claim 21 
wherein the multi-carrier selector is adapted to 
select the call-originating carrier to service the sub- 
scriber if the first loading level is equal to or less 
than the second loading level to prevent an inter- 
carrier handoff between the call-originating carrier 
and the transferee-candidate carrier. 

24. The method according to claim 21 wherein the 
multi-carrier selector is adapted to select the trans- 
feree-candidate carrier to service the subscriber so 
as to permit an inter-carrier hand-off if the differ- 
ence between the first loading and the second load- 
ing is less than the predetermined threshold. 

25. The communications system according to claim 21 
wherein the predetermined threshold is based upon 
a measurement of differential electromagnetic 
interference between the first frequency spectrum 
and the second frequency spectrum. 

26. The method according to claim 21 wherein the 
multi-carrier load measure is adapted to measure 
the first loading level representing power usage of 
active subscribers on the call-originating carrier 
divided by total power available for the call-originat- 
ing carrier, and wherein the second loading level 
represents power usage of active subscribers on 
the transferee-candidate carrier divided by the total 
power available for the transferee-candidate carrier. 

27. The communications system according to claim 21 
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wherein the base station integrates the multi-carrier 
load measurer. 

28. The communications system according to claim 22 
further comprising: s 

a base station controller incorporating the 
multi-carrier selector; and 

a mobile switching center for interconnecting 10 
the user interface to the base station controller. 

15 
20 
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SELECT THE SECOND CARRIER (e.o^. TRANSFEREE-CANDIDATE CARRIER) TO SERVICE 
THE SUBSCRIBER AW PERMIT AN INTER-CARRIER KMC- OFF. 



-S10 



-S12 



SH 



SIB 



S32 



S34 
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FIG. 7A 



RECEIVE A SUBSCRIBER'S REQUEST FOR ACCESS TO A CDHHUNICATIONS 
SYSTEM VIA A FIRST CARRIER leg.. CALL -ORIGINATING CARRIER) . 



-S10 



fCASURE A FIRST LOADING LEVEL ON THE FIRST CARRIER ^^^CALL-ORIGIH- 
ATWGCARRIER) WITHIN A FIRST FREQUENCY SPECTRUM IN A GEOGRAPHIC RE6I0N. 



MEASURE SUPPLEMENTAL-CARRIER LOADING ^ LESHTOfflSS^SS 15 
WITHIN CORRESPONDING FREQUENCY SPECTRUMS OIFFEfOT FflWI THE FIRST 
FftQUENCY SPECTRUM AND SERVING THE GEOGRAPHIC REGION. 



I 



DETERMINE A LOWEST CARRIER LOADING LEVEL FRWTHESUPPLEH9RAL ■ 
CARRIER LOADING LEVELS AND IDENTIFY A ™T^EK-UNDIOATE 
CARRIER ASSOCIAIEO WITH THE LOWEST CARRIER LOADING LEVEL. 



< 



I 



-S12 



S36 



$40 



IS THE FIRST LOADING LEVEL EQUAL TO OR 
LESS THAN THE LOWEST CARRIER LOADING LEVEL? 



MS 



SELECT THE CALL ORIGINATING ^ER TO SERVICE THE 
SUBSCRIBER TO PREVENT AN INTER-CARRIER HAND-OFF. 



SIB 



< 



IS THE TRANSFEREE-CANDIDATE CARRIER A BORDER 
CARRIER ASSOCIATED WITH AN UMBRELLA CELL? 



IWT 



YES 



ESTABLISH A FIRST WEIGHT FACTOR. 



-S46 



ESTABLISH A SECOND WEIGHT FACTOR. (THE FIRST WEIGHT FAC TOR IS GREATER THAN 

THE SECOND WEIGHT FACTOR SUCH THAT THE FIRST WIW FACTOR INHMITS 
INTER-CARRIER HANOOFFS TO A GREATER EXTENT THAN THE SECOND WEIGHT FACTOR) 



1 



-S48 



1(S A DIFFERENCE BETWEEN THE FIRST LOADING AND A 
LOWEST ONE OF THE SUPPLEMENTAL-CARRIER LOADING 
LEVELS LESS THAN THE FIRST WEIGHT FACTOR? 



3 



NO 




TOS56 



> 



SELECT THI TRANSFEREE -CANDIDATE CARRIER FROM THE WLKNTAL CARRIERS 
TO SERVICE THE SUBSCRIBER AND PERMIT AN INTER-CARRIER HAND -OFF. 



J/S52 



SELECT THE CALL-ORIGINATING CARRIER TO SERVICE THE 
SUBSCRIBER AND INHIBIT AN INTER- CARRIER HAND-OFF. 



-S54 
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FIG, 7B 



NO, 





IS A DIFFERENCE 8ETVEEN THE FIRST LOADING AND 
A LOWEST Off OF TIC SUPPLEMENTAL - CAffilER LOADING 
LEVELS LESS THAN THE SECOND WEIGHT FACTOR? 



TfET 




SELECT THE CALL-ORIGINATING CARRIER I TO l SEFWICE 1>E 
SUBSCRIBER AM) IWIBIT AN INTER-CARRIER HAND-OFF. 



SELECT THE TRANSFEREE-CANDIDATE CARRIER TON THE 
SUPPLEMENTAL CARRIERS TO SERVICE THE SUBSCRIBER 
AND PERMIT AN INTER-CARRIER HANO-OFF. 
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